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Vhstract .Single crystals of the metal organic nonlincai optical material, antimony thiourea biomide (ATB) wore grown trom sodium nieta
siluaic gcl at ambient temperature The conditions for the growth of large ATB single ciystals of dimension 10 mm x 5 mm x S mm iii gel were 
,.hi;iinetl X-ray analysis confirmed the crystal structure to be orthorhombic with space group Cmc2| The grown crystals were chaiacten/ed by EDAX, 
n ik  ICiA, DSC and Microhardness studies Spectroscopic studies on ATB reveal the presence of sulphur-lo-anliim>ny bonds m the complex Thermal 
iiialYMs indicates that the material melts at 96"C.
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1. Introduction
IV ilo rnm ncc re q u i r e m e n ts  o f  n o n lin e a r  o p tic a l d e v ic e s  h a v e  
placed s e v e re  d e m a n d  o n  th e  m a te r ia ls  u se d  in  th o s e  d e v ic e s .
I nt sev era l y e a rs , m a n y  w o rk e r s  h a v e  c a r r ie d  o u t an  in te n se  
search fo r n ew  m a te r ia ls  a n d  a  w id e  v a r ie ty  o f  b o th  o rg a n ic  a n d  
inorganic m a te r ia ls  h a v e  b e e n  d e v e lo p e d . P ro b le m s  w ith  b o th  
(-hisses o f  m a t e r i a l s  h a v e  r e s u l t e d  in  th e  in v e s t i g a t io n  o f  
s c m m rg a n ic s  [ 1 - 4 ] .  T h e  m a t e r i a l s  h a v e  th e  p o te n t i a l  fo r  
u m ib in ing  th e  h ig h  o p tic a l n o n lin e a r i ty  a n d  c h e m ic a l f le x ib ili ty  
o rg an ics  w ith  th e  p h y s ic a l ru g g e d n e s s  o f  in o rg a n ic s . T h e  
approach o f  c o m b in in g  th e  h ig h  n o n l in e a r  o p tic a l c o e f f ic ie n ts  
ol o rg an ic  m o le c u le s  w ith  th e  e x c e l le n t  p h y s ic a l p ro p e r t ie s  o f  
ihc in o rg an ic s , h a s  b e e n  fo u n d  to  b e  o v e rw h e lm in g ly  su c c e s s fu l 
the past. T h io u re a , w h ic h  is o th e rw ise  c c n tro sy m m c tr ic , y ie ld s  
i-'xccllent n o n c e n t r o s y m m e t r i c  m a t e r i a l s  a n d  ty p i f i e s  th is  
W ^ 'o ach  [5 j. B a s e d  o n  th e  in tu i t iv e  a p p ro a c h  to  in tro d u c e  th e  
‘sy m m etric  c o n ju g a te d  o rg a n ic  m o le c u le s  in to  a n  in o rg a n ic  
d is to r te d  p o l y h e d r a ,  s e v e r a l  t h i o u r e a  c o m p l e x e s  w e r e  
syn thesized  a n d  s c re e n e d  fo r  th e ir  p o w d e r  e f f ic ie n c ie s  a n d  A T B  
Was id e n tif ie d  a s  o n e  o f  th e  p ro m is in g  c a n d id a te s .  A T B  b e lo n g s  
tu the o r th o rh o m b ic  c ry s ta l  c la s s  w ith  th e  s p a c e  g ro u p  C m c 2 j . 
B is n o n c e n tr o s y m m e tr ic  a n d  e x h ib i ts  N L O  p ro p e r tie s .
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2. Experiment
A TB  c ry s ta ls  a rc  g ro w n  u s in g  s in g le  d if lu s io n  te c h n iq u e  fro m  
g e l. D u e  to  g e l m e d iu m  p ro p e r tie s , gel g ro w th  a llo w s  o n e  to  
o b ta in  n e a r ly  d e fe c t- f r e e  c ry s ta ls  u se fu l in o p tic a l a p p lic a tio n s . 
T h e  g e l is a tw o -p h a s e  m e d iu m  fo rm e d  by a th re e  d im e n s io n a l 
p o ly m e r  n e tw o rk  c o n ta in in g  g ro w th  so lu tio n . T h e  gel s tru c tu re  
c o n se q u e n tly  s u p p re s se s  la rg e -sc a le  m o v e m e n ts  i.e. c o n v e c tio n  
c u r re n ts , w h ic h  c a n  d is ru p t cry.stal p e r fe c tio n . In a d d it io n , the  
p ro b a b ili ty  o f  n u c le a tio n  is la rg e ly  re d u c e d  by th e  p re s e n c e  o f  a 
c o n d e n s e d  g c l p h a se  w h ic h , d u r in g  g ro w th , is r ig id  e n o u g h  to  
s u p p o r t  th e  c ry s ta l ,  b u t is s t il l  c o m p a t ib le  w ith  th e  c ry s ta l  
d e v e lo p m e n t. C ry s ta l g ro w th  th e n  m a in ly  ta k e s  p la c e  in th e  
d if fu s io n  re g im e  16].
S o d iu m  m e ta  s i l ic a te  (S M S ) so lu tio n  o f  d e n s i ty  1 .04  g /cc  is 
a c id if ie d  w ith  a c e tic  a c id  an d  m ix e d  w ith  th io u re a  so lu tio n  (in n e r 
re a c ta n t) .  T h e  tim e  fo r g e la t io n  is v a r ie d  iro m  12 to  2 4  h o u rs . 
A n tim o n y  tr io x id c  d is so lv e d  in H B r is ad d e d  as th e  o u te r re a c ta n l 
w h ic h  d if fu s e s  in to  th e  gel m e d iu m  an d  th e  re a c t io n  ta k e s  p la c e  
a c c o rd in g  to  th e  fo l lo w in g  e q u a tio n
Sb^O^ +  CS{ NH2 h  +  HBr - 4  Sh [CSXNH, )2 ] f ir , . (1)
T h e  g e l d e n s ity , p H  a n d  th e  c o n c e n tra t io n  o f  th e  re a c ta n ts  
a rc  v a r ie d  a n d  th e  o p tim u m  c o n d it io n s  fo r  th e  g ro w th  o f  g o o d  
s in g le  c ry s ta ls  a rc  fo u n d  to  b e  1.0 4  g /c c , p H  5, IM  S b jO ^  an d  
IM  th io u re a .
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Table 1. Cell parameters (present and reported values)
T h e  g r o w n  c r y s t a l s  h a v e  b e e n  s u b j e c t e d  to  p o w d e r  X - r a y  
d i f f r a c t io n  to  c o n f i r m  th e  s t r u c tu r e .  E n e rg y  d is p e r s iv e  a n a ly s is  
b y  X - r a y s  ( E D A X )  h a s  b e e n  ta k e n  to  c o n f i r m  th e  e le m e n ts  
p re s e n t  in  th e  c ry s ta l .  F o u r ie r  t r a n s f o r m  in f ra  re d  (F T IR )  s p e c t r a  
o f  A T B  a n d  th io u r e a  a re  r e c o r d e d  to  r e v e a l  th e  m e ta l  c o m p le x  
c o o r d i n a t i o n .  S i m u l t a n e o u s  T h e r m o g r a v im c t r i c  a n a ly s i s  -  
D if f e r e n t i a l  th e r m o g r a v im e t r y  ( T G A - D T G )  a n d  D if f e r e n t i a l  
s c a n n in g  c a lo r im e t r y  ( D S C )  a n a ly s e s  h a v e  b e e n  c a r r ie d  o u t  to  
d e te r m in e  th e  th e r m a l  s ta b i l i ty  a n d  th e  p h a s e  tr a n s i t io n  in v o lv e d  
in  th e  g ro w n  c ry s ta l .  P o w d e r  X -ra y  d if f r a c t io n  h a s  b e e n  r e c o rd e d  
b y  c r u s h in g  th e  c r y s ta l  in to  f in e  p o w d e r  f o r  A T B  s in g le  c ry s ta l .  
F o u r ie r  tr a n s fo r m  IR  s p e c t r a  o f  A T B  is r e c o r d e d  in  th e  ra n g e  4(X)
-  4fX )0 cn F *  e m p lo y in g  s p e c t r o m e te r  in  th e  fo r m  o f  s o l id s  
d is p e rs e d  in  K B r  p e lle ts . D T G /T G A  is  c a r r ie d  o u t  u s in g  P E R K IN
-  E L M E R  7 S c r ie s  th e r m a l  a n a ly s is  s y s te m  b e tw e e n  5 0  a n d  
l(XX)‘'C . S im ila r ly ,  th e  D S C  a n a ly s is  o f  th e  c ry s ta l  h a s  b e e n  
p e r f o r m e d  o n  N c tz s c h  -  G e r a te b a u  G m b H  th e r m a l  a n a ly s is  
sy s te m  b e tw e e n  0  a n d  2 5 0 ”C . M ic ro h a rd n e s s  is  d e te r m in e d  u s in g  
S h im a d z u  H M V  2(XX) V ic k e rs  h a r d n e s s  te s te r .
4. Results and discussion
X -ra y  p o w d e r  d i f f r a c t io n  p a t te rn  w a s  o b ta in e d  fo r  A T B  c r y s ta l .  
T h e  s a m p le  is  s c a n n e d  o v e r  th e  r a n g e  10 -  5 0 ” a t a  ra te  o f  5 ‘V 
m in . T h e  la t t ic e  p a r a m e te r s  a re  fo u n d  to  b e  =  1 2 .3 9  (2 )  A , 
/? =  11 .68 (3 ) A , c =  18 .6 4  (1 )  A  a n d  th e  c e ll v o lu m e  V  =  2 6 9 8 .7 1  A ^ 
a n d  th e s e  v a lu e s  a g r e e  w e l l  w i th  th e  r e p o r te d  o n e  [7 ] . T h e  
p re s e n t  a n d  th e  r e p o r te d  v a lu e s  o f  c e l l  p a r a m e te r s  a rc  g iv e n  in  
T a b le  1 a n d  th e  o b s e r v e d  a n d  c a lc u la te d  d  v a lu e s  a re  g iv e n  in  
T a b le  2.
T h e  e le m e n ts  p r e s e n t  in  th e  c ry s ta l  a re  c o n f i n o c d  b y  E D A X  
a n a ly s is .  T h is  a n a ly s is  a l s o  c o n f i r m s  th e  a b s e n c e  o f  im p u r i t ie s  
s u c h  a s  s o d iu m , s i l ic o n  in  th e  c ry s ta l .  F ig u r e  1 s h o w s  th e  E D A X
present values reported values
a = 12.39 (2) A a = 12.272 (3) A
b = 11 68 (3) A b = II 67.3 (4) A
c = 18.64 (1) A c = 18 617 (3) A
Table 2. Powder X-ray diffraction data for ATB single crystal.
Experimental 
d  values (A)
Calculated 
d values (A)
hki
7.7517 7 7344 1 1 1
6 2766 6.2808 112
5 0221 5 0164 I n
4.2604 4 2561 023
4.0916 4.0865 I 14
3 7155 3 7152 130
3 6435 3 6435 13 1
3 501 I 3 4951 124
3 286K 3 297 1 2 30
3.1899 3 1887 13^
3 0769 M)8 14 215
2.9785 2 988^ 034
2.9224 2 9207 040
2.9057 2 9050 134
2 7841 2 7871 042
2 6866 2 6916 234
2 6405 2.6419 240
2.5405 2 54 n 1 17
2.5007 2 501 1 325
2.4748 2.4749 044
2.4239 2 4244 4^0
2 3854 2.3848 340
2.2780 2,2789 151
2.2545 2.2559 335
2.1941 2.1937 406
2 1644 2.1644 137
2.1541 2 1538 153
2.1409 2.1417 523
2.0897 2 0900 327
2.0662 2 0653 600
2 0499 2.0491 524
2.0153 2.0164 602
1.9734 1.9740 138
1.9287 1.9284 129
1 9024 1.9029 238
t.8618 1 8619 229
1.8491 1.8484 261
1.8197 1.8209 119
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ib r A T B  s in g le  c ry s ta ls .  T h e  p e a k s  c o r r e s p o n d in g  to  th e  
picscnce o f  a n tim o n y , s u lp h u r  a n d  b ro m in e  a t  d if fe re n t e n e rg ie s  
irc shown. T h e  IR  s p e c tra  o f  A T B  c ry s ta l  is  r e c o rd e d  in  T estscan  
v^himadzu F T IR  8 0 0 0  s e r ie s  s p e c t ro p h o to m e te r  in  th e  ra n g e  
4()0 4(XK) c m “ * in  th e  fo rm  o f  s o l id s  d is p e r s e d  in  K B r  p o w d e r  
([^jgurc 2 ). C r y s ta l  s t r u c tu r e  in v e s t i g a t io n  o f  th io u r e a  h a s
estab lished  th e  c o p la n a r i ly  s l ru c lu r c  o f  C , N  a n d  S a to m s  in  th e  
m o lecu le  [4 ] . T h e  e le c t r o n i c  s t r u c tu r e  o f  th io u r e a  m a y  b e  
rep resen ted  by  a  re s o n a n c e  h y b r id  o f  s t ru c tu r e s  1, II a n d  III as  
shown b e lo w .
N H . N H^
N -  C
/
\
+ N H 2
1
-> s == c
\
->  S -  c
/
\
NH,
II
NH^
III
T h e  e f f e c t  o f  m e ta l  c o o r d in a t io n  c o m p le x e s  o f  th io u r e a  
v ib rations h a s  b e e n  le s s  e x te n s iv e ly  s tu d ie d . T h e  s tu d y  o f  th e  
''Pectra o f  th io u re a  [81 a n d  b is m u th  th io u re a  c h lo r id e  (B T C ) 
show s a  s h if t  in  th e  f r e q u e n c y  b a n d  in  th e  lo w  f re q u e n c y  ra n g e . 
Most o f  th e  m e ta ls  fo rm  c o m p le x e s  w ith  su lp h u r  [9]. T h e  s tru c tu re  
of ATB re v e a ls  th a t  S b  b o n d s  w ith  S. O n  c o m p le x  fo rm a tio n  
with d iffe ren t ty p e s  o f  lig a n d s , th e  m e ta l- su lp h u r  peak  is e x p e c te d  
lie in  th e  lo w e r  w a v e le n g th  r e g io n  [1 0 ] . T h e  a b s o rp tio n  a t
455.2 c m “ ‘ c ry s ta l  c o r r e s p o n d s  to  4 6 9  c m “ ‘ o f  th io u re a  w h ic h  
can be a s s ig n e d  to  s y m m e tr ic  C  =  S  s t re tc h in g . T h e  a b s o rp tio n  
6 0 7 .5  c m “ * f o r  A T B  c o r r e s p o n d s  to  6 3 0  
o f  th io u re a .  T h is  c a n  b e  a t t r ib u te d  to  a s y m m e tr ic  N -C -N  
bending v ib ra tio n . T h e  a b s o r p t io n  a t  6 8 6 .6  cm~* c o rr e s p o n d s  to  
720 o f  th io u re a . T h e  lo w e r in g  o f  fre q u e n c y  c a n  b e  a ttr ib u te d  
to th e  r e d u c e d  d o u b le  b o n d  c h a r a c t e r  o f  C  =  S  b o n d  o n  
co o rd in a tio n . T h e  a b s o r p t io n  a t  1 0 4 3 .4  cm~* c o r r e s p o n d s  to
1 0 1 0  c m “ ‘ o f  th io u re a ,  w h ic h  is d u e  lo  N H ^  v ib ra t io n , l l i e  
a b so rp tio n s  at 1122.5 c m '  ^ an d  1404.1 cm"* m a tc h  w ith  th e  1090 
cm"* a n d  1390 cm"* a b s o rp tio n  o f  th io u re a  an d  c a n  b e  a s s ig n e d  
to  s y m m e tr ic  C N  s t re tc h in g . T h e  a b s o rp tio n  at 1631.7 cm"* 
c o r re s p o n d s  to  1625 c m  ’ o f  th io u re a  a n d  th is  c a n  b e  a s s ig n e d  
to  N H ^  b e n d in g . T h e  a b s o rp tio n s  a t 3280.7 cm"* a n d  3377.1 
c m ' * m a tc h  w ith  3295 c m  * a n d  3385 c m  * o f  th io u re a  w h ic h  is 
d u e  to  llsy m m e tr ic  N H ., s tre tc h in g . A  co m p a riso n  o f  v ib ra tio n s  
o f  th io a re a  w ith  A T B  c ry s ta l  is  sh o w n  in ta b le  3, c o n f irm s  th e  
m e ta l -  su lp h u r  b o n d in g  o f  A F B .
Tabic Assignment of FTIR peaks
f  biouieu
5
4i-
ATB
cm '
A.ssignmcnl
46^ 4S5 2 S, (NCS)
630 607 5 (NCS)
720 6 8 6 . 6 r ,  (CS)
1 0 1 0 1043 4 r (NH,)
1090 1 122 5 y, (CN)
1 390 1404.1 y (CN)
1625 163 1 7 fi (NH,)
3295 3280 7 Ya. fNH.)
3385 3377 1 Yas (NH,)
S  bending vibration
T -  non planar vibration 
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.s -  symmciru;
synnnetrit
asymmetric
T h e  D T G /T G A  c u rv e  o f  A TB  s h o w n  in F ig u re  3 il lu s tra te s  
th e  d e c o m p o s it io n  a t d if fe re n t s ta g e s  w ith  m a x im u m  w e ig h t lo ss  
a t3 3 2 X .
Temperature f’C)
Figure 3. DTG/TGA ol ATB.
T h e  D S C  tra c e  sh o w n  in  F ig u re  4  sh o w s  an  e x o th e rm ic  p e a k  
a t 101 .3° C  a n d  th re e  e n d o th e rm ic  p e a k s  a t 114 .4^C , 198.2®C an d  
208.7*^C. T h e  p e a k  a t I0 1 .3 ° C  is  sh a rp  a n d  it is s u s p e c te d  to  b e  
d u e  to  m e ltin g . In  o rd e r  to  c o n f i rm  th is , th e  s a m p le  h a s  b e e n  
s e p a ra te ly  te s te d  fo r  its  m e l t in g  p o in t u s in g  H o t S ta g e  O p tic a l 
M ic ro sc o p e , T h e  c o m p o u n d  is  o b s e rv e d  to  s ta rt m e ltin g  a t 9 6 “C
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su p p o r tin g  o u r  p re su m p tio n . T h is  c o in c id e s  w ith  th e  w e ig h t 
lo s s  o b se rv e d  in T G A .
exo
2 ,0
1 5
I* 1.0-
5  0.5 
E
<n
*^-0 5
- 1  0
101.3“C
-J
'I,
50
/  'A  ,( j  198 2<C\ ^
\ J  ", ""1 1 4 4'C . 298
100 160 200 250
Temperature ^C)
Figure 4. DSC of ATB
T h e  h a rd n ess  o f  A TB  is c a rr ie d  ou t u s in g  V ick er 's  p y ra m id a l 
in d en lc r. In d e n ta tio n s  a re  m a d e  fo r v a r io u s  lo a d s  fro m  5 to  
l(X) g. S ev e ra l te s ts  a rc  c a rr ie d  o u t fo r d if fe re n t lo ad s , an d  th e  
a v e ra g e  v a lu e  o f  th e  d ia g o n a l le n g th  o f  th e  in d e n ta tio n  m ark  
c o r r e s p o n d in g  to  e a c h  lo a d  is  u s e d  l o r  e s t im a t i n g  th e  
m ic ro h a rd n e ss . T h e  v a ria tio n  o f  m ic ro h a rd n e s s  w ith  in d e n te r  
lo ad  is  sh o w n  in F ig u re  5. T h e  h a rd n e s s  in c re a se s  w ith  th e  
ap p lied  Itiad an d  a tta in s  a  c o n s ta n t. A t lo w e r lo ad s , th e  h a rd n e ss  
is less  an d  w h en  th e  lo ad  is incrca .scd , th e  h a rd n e s s  in c re a se s  
an d  a tta in s  a  c o n s ta n t v a lu e . T h e  h a rd n e s s  is fo u n d  to  in c re a se  
w itli increase  o f  load  from  5g  to  15 g and  th e rea fte r a lm o st rem ain s 
c o n s ta n t  u p to  lOOg. B c r / .in a  <7 a /  111] h a v e  e x p la in e d  th e  
in c rea se  o f  m ic ro h a rd n e ss  w ith  in c re a se  o f  load  fo r a lk a li h a lid e  
c ry s ta ls , c tin s id e r in g  th e  e ffe c t o f  su rfa c e  la y e r  o f  c ry s ta ls  on  
th e  v a lu e  o f  m ic r o h a r d n e s s .  A c c o r d in g  to  th e m , d u r in g  
in d e n ta t io n , th e  im p re s s io n  o f  th e  d ia m o n d  p y ra m id  m ay  
p e n e tra te  to  a  d e p th  c o m p a ra b le  w ith , o r  c o n s id e ra b ly  g re a te r
th a n , th e  th ic k n e ss  o f  th e  su r fa c e  lay er. E v en  a t sm alle r loads 
th e  su rfa c e  la y e r  o f  th e  c ry s ta l is  p ie rc e d  by  th e  in d en lc r and v, 
it sh o w s  a  m a rk e d  e f fe c t fo r  a ll sm a ll lo ad s . A s th e  depih 
in d e n ta tio n  in c re a se s , th e  e ffe c t o f  su rfa c e  la y e r  becom es les, 
an d  fo r  la rg e r  lo a d s , w h e n  th e  im p re ss io n  re a c h e s  a depth .11 
w h ic h  an  u n d is to r te d  la y e r  o f  m a te r ia l  e x is ts ,  th e  value ni 
m ic ro h a rd n e ss  b e c o m e s  in d e p e n d e n t o f  lo ad .
5. Conclusions
A n tim o n y  th io u re a  b ro m id e  c ry s ta ls  (A T B ) w ere  g ro w n  by a |  
te c h n iq u e . T h e  p o w d e r  X R D  p a tte rn  w as re c o rd e d  and  indexed 
fo r u.se in  th e  c h a ra c te r iz a tio n  d u rin g  su b se q u e n t syntheses 
A TB  w as fo u n d  to  c ry s ta ll iz e  in th e  o r th o rh o m b ic  system  wiih 
.space g ro u p  C m c 2 ,. It is n o n cen tro .sy m m ctric  and  exh ib its  ,N’i (1 
p ro p e rly . T h e rm a l a n a ly s e s  sh o w e d  th a t th e  m e ltin g  point o| 
th e  c o m p o u n d  is in d e e d  101 .3"C . S p e c tro sc o p ic  invc.siiguiuin 
re v e a le d  th a t th e re  is a  sh if t in th e  fre q u e n c y  b an d  in the low 
fre q u e n c y  re g io n  w h ic h  re v e a ls  th a t th io u re a  fo m is  sulphui to 
a n tim o n y  b o n d s  in th e  A TB  c ry s ta l. T h e  h a rd n e ss  le.sl show al 
th a t it in c re a se s  w ith  th e  in d e n lc r  lo ad  and  a tta in s  a  consiam 
v a lu e . T h e  V ic k e r 's  h a rd n c .ss  n u m b e r  ( H j  is fo u n d  to In 
5,5 K g /m m l
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